This project represented a joint effort between Florida State University (FSU), Rutgers University (RU), and the University of Illinois (U of I). FSU served as the lead institution and Dr. J.E. Kostka was responsible for project coordination, integration, and deliverables. This project was designed to elucidate the microbial ecology and geochemistry of metal reduction in subsurface environments at the U.S. DOE-NABIR Field Research Center at Oak Ridge, Tennessee (ORFRC). Our objectives were to: 1) characterize the dominant iron minerals and related geochemical parameters likely to limit U(VI) speciation, 2) directly quantify reaction rates and pathways of microbial respiration (terminal-electron-accepting) processes which control subsurface sediment chemistry, and 3) identify and enumerate the organisms mediating U(VI) transformation.
sediments at the in situ pH range of 4 to 5, electron donor utilization and TEAP rates were diminished, such that nitrate was not depleted and metal reduction was prevented. Upon biostimulation by pH neutralization and carbon substrate addition, TEAPs were stimulated to rates that rival those measured in organic-rich surficial sediments of aquatic environments, and extremely high nitrate concentrations (0.4 to 0.5 M) were not found to be toxic to microbial metabolism (Edwards et al., 2007) . Nitrate, Fe(III) , and sulfate were the most abundant electron acceptors available for microorganisms and these were utilized in succession (Edwards et al., 2007; . Under neutral pH conditions, U(VI) and Fe(III) were reduced concurrently once nitrate was depleted to low levels in response to biostimulation. Acidity controlled not only the rates but also the pathways of microbial activity. Denitrification predominated in sediments originating from neutral pH zones, while dissimilatory nitrate reduction to ammonium occurred in neutralized acidic microcosms amended with glucose. Electron donors were determined to stimulate microbial metabolism leading to metal reduction in the following order: glucose > ethanol > lactate > hydrogen. In microcosms of neutralized acidic sediments, 80 to 90 % of C equivalents were recovered as fermentation products, mainly as acetate. Due to the stress imposed by low pH on microbial metabolism, our results indicate that the TEAPs of acidic subsurface sediment inherently differ from those of neutral pH environments and neutralization will be necessary to achieve sufficient metabolic rates for radionuclide immobilization. Though evidence from microcosms points to certain nitrogen biotransformation pathways, direct rate measurements are needed to verify these under in situ conditions.
In Area 2 ORFRC materials (pH 6-7), microbial communities were characterized in parallel on freshly collected sediment cores and sediment microcosms. Using a most probable number (MPN) approach, Fe(III)-reducers and nitrate-reducers were shown to be 2 to 5 orders of magnitude more abundant in biostimulated microcosms in comparison to microcosm controls and sediment cores. From a comparison of MPN counts, nitrate-reducers appeared to outcompete Fe(III)-reducers in glucose and control treatments, while Fe(III)-reducers competed better in ethanol treatments where enhanced U(VI) removal was observed in parallel. Known MRP (Anaeromyxobacter, Geobacter, Clostridium, Pantoea) and NRP (Alcaligenes, Diaphorobacter, Dechloromonas, Arthrobacter, and Pseudomonas) were identified in microcosms and core samples using 16S rRNA gene analysis.
Our most recent work focused on analysis of mRNA targets to determine the metabolically active metal-and sulfate-reducing prokaryotes. High quality mRNA was extracted, reverse-transcribed, and cDNA amplified for dissimilatory (bi)sulfite reductase (dsrAB) and citrate synthase (gltA) gene targets. For quantitative real-time PCR amplification of dsrA, degenerate primers were designed based on the nucleotide sequence homologies of DSR sequences from the NCBI database and the latest sequence data from the ORFRC (Bagwell et al., 2006) . Degenerate primers targeting dsrAB were used for phylogenetic analysis of active sulfate reducers. Geobacter sp. have been implicated as an important MRP group in the ORFRC subsurface . Citrate synthase is a key enzyme for acetate catabolism, and one of the genes that codes for this enzyme (gltA) has been shown to be conserved across genomes of the Geobacteraceae family and its sequence is distinct from that of other microbial taxa. Thus, degenerate primers for Geobacteraceae gltA were modified and several new primers were designed on the basis of nucleotide sequences from the G. sulfurreducens, G. metallireducens, Desulfuromonas palmitatis, Pelobacter carbinolicus, P. propionicus genomes, and the above-mentioned Geobacter strain FRC-32. Both functional targets were successfully amplified from a range of sediments and MPN cultures sampled during the microcosm experiments. Preliminary phylogenetic analysis of partial gltA cDNA sequences indicates that clones from ORFRC subsurface sediments were most closely related to G. bemidjiensis, a strain that was isolated from hydrocarbon contaminated subsurface sediments. Surprisingly, other clones were affiliated to Desulfuromonas, suggesting that this may be a metabolically active metal-reducing group in ORFRC sediments.
Iron mineralogy. Iron minerals were extensively characterized in the radionuclide-contaminated saprolite of ORFRC subsurface over a range of contaminant levels using a battery of physical and wet chemical methods. In the course of investigating the speciation of Fe, we found that such complex samples require the acquisition of Mössbauer spectra over a wide temperature range (4 to 298 K) in order to fully determine the various iron oxide phases . The reason for this requirement is that Fe oxides often exist as an Al substituted phase and/or as a poorly crystallized (small particle size) phase, both of which are generally undetectable by Mössbauer spectroscopy at temperatures above 4 K and only the latter is dissolved by HCl and oxalate extractions. In the subsurface sediments we studied, we observed that a significant fraction of the Fe exists as Al-substituted goethite and undergoes magnetic ordering only below 12 K, thus requiring the lowest temperatures possible. Our recently installed closed-cycle cryostat system is capable of sample temperatures as low as 4 K.
Through examination of ORFRC biostimulated subsurface sediments from microcosms and field experiments Sapp et al., 2006; , we determined that Fe in all of the ORFRC sediments studied was distributed in about equal quantities between aluminosilicates and Al-substituted goethite. In situ biostimulation dissolves as much as 30% of the goethite and transforms about half of the remainder to hematite, whereas aluminosilicate Fe(II) can be doubled without dissolution . Silicate bound Fe(III) clearly predominated over the Fe minerals reduced.
Summary of Conclusions to date.
Isolates:  Pure cultures were obtained from ORFRC subsurface sediments for at least four groups of anaerobic MRP including (Geobacter, Desulfotomaculum, Anaeromyxobacter, Clostridium) .  Geobacter and Desulfotomaculum strains are physiologically distinct from close relatives. The Desulfotomaculum strain is capable of growth using both Fe(III) and sulfate.  The genome sequence of Geobacter strain FRC-32 is now available from JGI, and we have employed it's sequence in functional genomics as described above. Microcosms/ Community Analysis:  pH and redox (electron acceptor/donor availability) are master variables controlling not only the rates but also the pathways of microbial metabolism in the ORFRC subsurface.  Nitrate, Fe(III), and sulfate reduction are the predominant TEAPs.  The mechanism of U(VI) reduction appears to be electron donor dependent, with substantial reduction occurring prior to Fe(III) reduction in microcosms.  Phylogenetic analysis of cDNA from mRNA extracts of ORFRC sediments revealed clone sequences for gltA that are most closely related to Geobacter bemidjiensis and Desulfuromonas acetexigens.  Stable isotope probing with DNA targets was demonstrated for ORFRC sedments (see Task  II) .  The expression of key genes was quantified for anaerobic FRP and SRP groups in ORFRC sediments. Iron Mineralogy:  Mössbauer spectroscopy supports wet chemical analyses and is reliable for identifying Fe oxide minerals only if measurements include temperatures as low as 4.2 K.  Mössbauer analysis shows that phyllosilicates and goethite predominate in the ORFRC subsurface and equal or greater amounts of phyllosilicates are reduced during biostimulation in comparison to goethite
